BEHAVIOUR OF GASES 


(A) 


INTRODUCTION : 

Gaseous state is that state of matter where repulsive forces are dominating than attractive forces. For study of 
gases we require gas parameters like p, v, n and temperature. Gases having no interaction between gas 
molecules are known as ideal gases. They follow kinetic gas assumptions, kinetic gas equation, gas laws and 
ideal gas equation but certain gases which do not follow above conditions are known as real gases. 


SOME IMPORTANT DEFINITIONS : 
(a) Diffusion : 


° The tendency of inter mixing of non-reacting gases spontaneously without external pressure. 
or 
° The property of the spontaneous flow of gaseous molecules from high concentration to low 


concentration without external pressure. 
In diffusion, P „= constant. 


(b) Effusion : 
. The property of the flow of gaseous molecules from high concentration to low concentration from a pin 
hole with external pressure. 
or 


° It is diffusion through pin hole which arises due to pressure difference. 
In effusion, P „= variable 


(c) Rate of diffusion (r) : 
At constant temperature and pressure, the distance travelled by diffused gas or volume of diffused gas or 
moles of diffused gas per unit time is called as rate of diffusion. 


= d aittused gas V iiffused gas N diffused gas 


DE TF B: 
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Graham's law of diffusion (Applicable for non-reacting gases) : 
° At constant temperature and pressure, the rate of diffusion is inversly proportional to the square root of 
the density. 


(at constant T and P) 


Ww 
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° At constant temperature, rate of diffusion is proportional to 
noyu, _P d, _ P, IM, 
rH t v, P, Vd PYM, 
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(B) 


(a) 


REAL GASES : Those gases which do not follow ideal gas equation (PV = nRT) at all temperature and pressure. 
e For real gases two assumptions of the kinetic theory do not hold good. These are 
(i) There is no force of attraction between the molecules of a gas. 


(ii) Volume of the molecules of a gas is negligibly small in comparison to the space occupied by the gas. 
REAL GAS EQUATION OR VAN DER WAAL GAS EQUATION 

PV = nRT ...(1) ideal gas equation 
Two major corrections are required for real gases 


(i) The intermolecular force of attraction between molecules is not negligible. 


F e # 0 SO FS. z (Pas + y) 


(ii) The volume of a molecule is not negligible in comparision of total volume of gas. 
V, # 0 so V a = (V - nb) 


4 3 
b = covolume = excluded volume = 4 x = x N, 
From equation (i) 
( an? ) 
[Page Vay) =nRT 
° a and b are van der Waal's gas constant which depends on nature of gas but do not depend on the 


temperature and pressure. 
(A) van der Waal's gas constant (a) : 
Where a is van der Waal gas constant which indicates the inter molecular forces of attraction. 


2 
Pressure = Ve 


unit of a = atm L? mol? 


P = Pat 
Pi >P: 
° at >F „T = liquefaction’. 
e Order of a is 107! to 10? atm L? mol” 
(B) van der Waal gas constant (b) 


It tells about molecular volume of gas molecules. 


Unit of b = L mol! 


b = incompressible volume 
V > Vk 
° If bt? = effective size of moleculet 
=> Incompressible volume Î 
=> compressible volume 4 


° Order of b is 10 to 10% L mol? 
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(b) DEVIATION OF REAL GASES FROM IDEAL GAS BEHAVIOUR : 


"At very low pressure and high temperature real gases behave as ideal gas." Deviation of real gases 
from ideal gas behaviour is mathematically denoted by "Z" named as compressibility factor. 


Z _ Veal p VP = Five Jobs 
Vidcat nRT RT 
Case I If Z = 1; ideal gas ; it signifies there is no interaction between gas molecules 
P UVa Jose (Va Ja 1>P RT 
RT = > (V aie = 
Case II If Z > 1; positive deviation from ideal gas behaviour; signifies repulsive forces are greater 


than attractive forces so such gases can't be liquefied easily. 


PWV daw >1>P(V_),_>RT 
RT m’ obs 


The gas shows the positive deviation generally at high pressure from ideal gas behaviour. 

Case III If Z < 1; Negative deviation from ideal gases behaviour; it signifies attractive forces are 
higher than repulsive forces so gas can be liquefied easily. 

P(V 


P (Ve Joos <1>PV,) 


RT 
RT sS 


ob: 


The gas show the negative deviation generally at low pressure from ideal gas behaviour. 


0 200 400 600 800 1000 
p/bar 


(c) Effect of pressure on van der Waal gas equation 
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NSC, 


Case I At very-very low pressure 


(Z = 1) 


[P+ 2A) v-a) ener 


PV = nRT 


Z=1 


Case II At low pressure/moderate pressure 


(Z< 1) 


n’a \ 


(P+ 28 (yp) =nRT 


n’a 
PV + —— =nRT 
F V n. 


PV 4 na _ 
nRT VRT 
Z=- e 

VRT 


Case III At very high pressure 
(Z> 1) 


(pa 4) (V —nb) = nRT 


PV - nPb = nRT 


PV Pb _ 
nRT RT 


A RA 
RT 


At high temperature and low pressure, it acts as ideal gas equation. 
Critical temperature (T,) : The temperature below which gas can be liquefied by application of pressure 


alone; is called critical temperature 


Te 


_ 8a 
__27bR 


Critical pressure (P_) : The pressure required to liquefy a gas at critical temperature; is called critical pressure 


a 
P. =——— 
ee al 


NISC, 
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e Critical volume (VC) : Volume occupied by 1 mol gas at critical temperature & pressure; is called critical 


volume |V, = 3b}. 


e Van Der waal gas constants : 


Gas a (atm L? mol’) 


° Higher value of "a" is more significant for liquefaction of a gas. 
° Boyle's Temperature (T,) : Temperature at which a real gas obeys ideal gas law over an appreciable range 
of pressure is called Boyle's temperature . 


a 
T, = — 
e bR 
Illustrations 
Illustration 1 The rate of effusion of a gas is proportional to — 
x. P P JP 
) a, (3) 5 (4) <> 
Solution Ans. (1) 


1 P 
: eat : : Z 
Rate of effusion œ Pi P .. Rate of effusion F 


Illustration 2 If 4g of oxygen diffuse through a very narrow hole, how much hydrogen would have diffused 
under identical conditions ? 


(1) 16 g (2)1g (3) 1/4 g (4) 64g 
Solution Ans. (2) 

Yo, _Vo, No, — Mun 4/32 2 1 1 

fy Va, ? ty Muo, = w/2 \32 4w 4 = 1 
Illustration 3 van der Waal's equation of state is obeyed by real gases. For n moles of a real gas, the expression 

will be - 

P na V a 
(1) (Po J-at (2) [P+ 3 ](V—b)=nkt 
na n’a 

(3) | P+— |(nV -b)=nRT (4) | P y (V-nb)=nRT 

Solution Ans. (4) 


an? 
van der Waal's equation is f $ v —nb) = nRT 
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Illustration 4 van der Waal's constant 'a’ and 'b' are related with .....respectively — 
(1) Attractive force and bond energy of molecules 
(2) Volume and repulsive force of molecules 
(3) Shape and repulsive forces of molecules 
(4) Attractive force and volume of the molecules 
Solution Ans. (4) 


'a' is related to attractive forces and 'b' to the volume of the molecules. 
BEGINNER'S BOX-1 
1. The rate of diffusion of SO, and O, are in the ratio — 


(Le ais (2) 1 : 32 (3) 1:2 (4)1:4 


2. In the van der Waal's equation which will have highest value of 'a’. 


(1) CH, (2) He (3) NH, (4) H 


3. The unit of the van der Waal's constant ‘a’ is : 


(1) atm L? mol? (2) atm L2 mol? (3) atm L mol! (4) atm mol L~! 


ANSWER KEY 


BEGINNER'S BOX-1 Cc EU ee ee 
Aans | 1] 3] 1] J | tT Jf Ù I | 
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EXERCISE-I (Conceptual Questions) 


10. 


GRAHAM'S LAW OF DIFFUSION 
Which pair of the gaseous species diffuse through 
a small jet with the same rate of diffusion at same 
PandT: 
(1) NO, CO 
(3) NH,,PH, 


(2) NO, CO, 
(4) NO, C,H, 


The rate of diffusion of methane at a given 
temperature is twice that of a gas X. The molecular 
weight of X is : 

(1) 64 (2) 32 


(3) 4.0 (4) 8.0 


The increasing order of effusion among the gases, 
H,, O,, NH, and CO, is — 
(1) H,, CO,, NH,, O, 
(3) H,, O,, NH., CO, 


(2) H,, NH,, O,, CO, 
(4) CO,, O,, NH,, H, 


Gas A having molecular weight 4 diffuses thrice as 
fast as the gas B at a given T. The molecular weight 
of gas B is : 
(1) 36 (2) 12 


(3) 18 (4) 24 


Four rubber tubes are respectively filled with H,, 
O,, N, and CO,. The tube which will be reinflated 
first is : 

(1) H, filled tube (2) O, filled tube 

(3) N, filled tube (4) CO, filled tube 


A balloon filled with methane CH, is pricked with 
a sharp point and quickly plunged into a tank of 
hydrogen at the same pressure. After sometime 
the balloon will have : 

(1) Enlarged 

(2) Collapsed 

(3) Remained unchanged in size 

(4) Ethylene (C,H,) inside it 


Rate of diffusion of hydrogen is : 
(1) Half of He (2) 1.4 times of He 
(3) Double than He (4) four times of He 


A football bladder contains equimolar proportions 
of H, and O,. The composition by mass of the 
mixture effusing out of punctured football is in the 
ratio (H, : O,) 


(1)1:4 
(3) 1 : 2/2 


(2) 2/2 : 1 
(4)4:1 


If the vapour densities of methane & oxygen 
are in the ratio 1 : 2, the ratio of rate of 
diffusion of O, & CH, is respectively 

(1)1:2 (2) 1 : 1.414 

(3)2:1 (4) 1.414:1 


A gas X diffuses three times faster than another 
gas Y the ratio of their densities i.e., D, : D, is 

(1) 1/3 (2) 1/9 

(3) 1/6 (4)1/12 


ANa, 
e A, 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


The relative rate of diffusion of a gas (Mol wt. = 98) 
as compared to hydrogen will be : 

(1) 1/7 (2) 1/5 

(3) 1/4 (4) 1 


The relative rate of diffusion of a gas 

(molecular weight = 128) as compared to oxygen is 
(1) 2 times (2) 1/4 times 

(3) 1/8 times (4) 1/2 times 


Since the atomic weights of carbon, nitrogen and 
oxygen are 12, 14 and 16 respectively, among the 
following pairs of gases, the pair that will diffuse at 
the same rate is : 

(1) Carbon dioxide and nitrous oxide 

(2) Carbon dioxide and nitrogen peroxide 

(3) Carbon dioxide and carbon monoxide 

(4) Carbon dioxide and nitric oxide 


A bottle of dry ammonia and a bottle of dry 
hydrogen chloride connected through a long tube 
are opened simultaneously at both ends, the white 
ammonium chloride ring first formed will be : 

(1) at the centre of the tube 

(2) near the hydrogen chlrodie bottle 

(3) near the ammonia bottle 

(4) throughout the length of the tube 


50 ml of a gas A diffuse through a membrane in 
the same time as for the diffusion of 40 ml of a gas 
B under identical pressure temperature conditions. 
If the Molecular weight of A = 64, that of B would 


(2) 250 
(4) 80 


If rate of diffusion of A is 5 times that of B, what 
will be the density ratio of A and B : 

(1) 1/25 (2) 1/5 

(3) 25 (4) 5 


50 ml of hydrogen diffuses through a small hole 
from vessel in 20 minutes time. Time taken 
for 40 ml of oxygen to diffuse out under similar 
conditions will be : 
(1) 12 min. 

(3) 8 min 


(2) 64 min 
(4) 32 min 


The densities of two gases are in the ratio of 
1: 16. The ratio of their rates of diffusion is : 
(1)16:1 (2)4:1 

(3)1:4 (4) 1:16 


The rate of diffusion of a gas having molecular 
weight just double of nitrogen gas is 56 ml per sec 
the rate of diffusion of nitrogen gas will be : 

(1) 79.19 ml/sec. (2) 112 ml/sec 

(3) 56 ml/sec (4) 90 ml/sec 
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20. 


21. 


If the four tubes of a car are filled to the same 
pressure with N,, O,, H, and CO, separately then 
which one will be filled first : 

(2) O 


(4) CO, 


Under identical conditions of temperature and 
pressure the ratio of the rates of effision of O, and 
CO, gases is given by : 


rate of effusion of oxygen 


= 0.87 
rate of effusion of CO, 
rate of effusion of oxygen _ 117 
rate of effusion of CO, 
rate of effusion of oxygen _ 87 
rate of effusion of CO, , 
rate of effusion of oxygen _ 0.117 


rate of effusion of CO, 


DEVIATION FROM IDEAL GAS BEHAVIOUR 


22. 


23. 


24. 


When does a real gas show behaviour same as ideal 
gas: 

(1) At low temperature and low pressure 

(2) At high temperature and high pressure 

(3) At low temperature and high pressure 

(4) At high temperature and low pressure 


In van der Waal's equation of state of the gas law, the 
constant 'b' is a measure of : 

(1) intermolecular repulsions 

(2) intermolecular attraction 

(3) volume occupied by the molecules 

(4) intermolecular collisions per unit volume 


The term that accounts for intermolecular force in 
van der Waals’ equation for non ideal gas is : 
(1) RT (2)V-b 


(4) [RT]? 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


Pressure of real gas is less than the pressure of 
ideal gas because : 

(1) No. of collisions increases 

(2) Difinite shape of molecule 

(3) K.E. of molecule increases 

(4) Inter molecular forces 


Which gas can be easily liquefied ? 
given 'a' for NH, = 4.17, CO, = 3.59, SO,= 6.71, 


Cl, = 6.49 
(1) NH, (2) Cl, 
(3) SO, (4) CO, 


At relatively high pressure, van der waals' equation 
reduces to : 


(1) PV=RT (2) PV=RT+— 


(3) PV = RT + Pb (4) PeR sy 


A real gas most closely approaches the behaviour 
of an ideal gas at : 

(1) 15 atm and 200 K 
(3) 0.5 atm and 500 K 


(2) 1 atm and 273 K 
(4) 15 atm and 500 K 


The compressibility factor of an ideal gas is : 


The compressibility of a gas is less than unity at 
STP therefore : 
(1)V_>22.4L 
2) Vv. <22.4L 
)V = 22.4L 
4)V 


The values of van der Waal's constant ‘a’ for the 
gases O,, N,, NH, and CH, are 1.360, 1.390, 
4.170 and 2.253 L? atm mol” respectively. The 
gas which can most easily be liquefied is : 

(1) O, (2) N, 

(3) NH, (4) CH, 


ANSWER KEY 
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EXERCISE-II (Assertion & Reason) 


Target AIIMS 


Directions for Assertion & Reason questions 


These questions consist of two statements each, printed as Assertion and Reason. While answering 
these Questions you are required to choose any one of the following four responses. 


(A) If both Assertion & Reason are True & the Reason isa correct explanation of the Assertion. 


(B) If both Assertion & Reason are True but Reason is not a correct explanation of the Assertion. 


(C) If Assertion is True but the Reason is False. 


(D) If both Assertion & Reason are false. 


1. Assertion :-The pressure of real gas is less than Assertion :- At critical condition value of 
the pressure of ideal gas. compressibility factor is 3/8. 

Reason :- The intermolecular forces of attraction Reason :- At critical condition attraction forces 
in real gases are greater than those of ideal gas. dominates. 
(1) A (2) B (3) C (4) D (1) A (2) B (3) C (4) D 

2. Assertion :- CO, gas will have higher rate of Assertion :- Critical temperature of CO, is 304K. 
liquification then H, gas. If it is compressed at 320 K. Then it will not liquify. 
Reason :- Because CO, will have higher value 
of Z so higher inter molecular force of attraction. Reason :- Volume decreases on increasing 
(1) A (2) B (3) C (4) D pressure at a given temperature. 

3. Assertion :- For Vanderwaal real gas, in low (1) A (2) B (3) C (4) D 
pressure region equation of compressibility factor Assertion s Vaie al PV creases Inea ior 
is Z-1- 2 real gas on increasing pressure at constant 

~~ VRT temprature. 
Reason :- In low pressure region 'b' is negligiable. Reason : PV for real gas does not depend on 
(1) A (2) B (3) C (4) D pressure when temprature is constant. 
(1) A (2) B (3) C (4) D 


4. Assertion :- Gases having higher critical 8 
temperature can be liquified easily. 
Reason :- because attractive forces are higher for 
gases having higher critical temperature 
(1) A (2) B (3) C (4) D 


Assertion : Pressure of real gas is less then ideal 
gas. 

Reason : Because attractive forces in real gases 
are more than ideal gas. 

(1) A (2) B (3) C (4) D 


ANSWER KEY 


EXERCISE-II (Assertion & Reason) 
Quel 1 [2 ]/3 14/5 [6 ]7]8 | 
EE 


New Delhi - 110074 9 
9810934436 , 8076575278 , 8700391727 


